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? 1? 
 
?? 
 
1.1? ?? 
1.1.1? ?????????? 
???????????????????????????? (fluid machinery) ?
??????????????????? (turbo-type) ???? (positive displacement-
type) ????????????????????????????????????
????????????????????????????? (turbomachine) ??
??????[1, 2]?????????????? (?) ???????????????
???????????????????????????????????????
??????????????????? (???)????????????????
???????????????? (??) ???????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????? (?)??? (?
?)??????? (??)??????? (????) ???????????????
???????????????????????????????????????
?????????????????????????? (??)???????? (?
?)?????? (??) ?????? 
? ??????????????????????????????????????
(????????) ??????????????????????????????
???????????????????????????????????????
????P (W) ???????n (min-1) ???????????????Q (m3/s) ??
???????????????????????? p =?gH [Pa] (?[kg/m3] : ???
???g [m/s2] : ???????H [m]:???) ??????????????????
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?????????????????????=?QH/P ?????????? 
(performance) ????? (characteristics) ?????????1.1 (a) ????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????????? (??????????????) ?????
???????????????????????????????????????
?????????????[1]??1.1 (b) ??????????????????
????????????????????????????????????? (n0) 
??????? (m0) ???????????? 
݊଴ = ݊ √ܶ⁄ ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? (1.1) 
݉଴  =  ݉√ܶ ݌ൗ ?   ? ? ? ? ? ? ? ? ? ? ? ?   (1.2) 
? ????T (K) ??? p (Pa) ?????????????????????????
??? (103.2 kPa, 293.2 K) ???????????????????   
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????[3-5]? 
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(a) ??????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) ?????  
? 1.2 ??????????[1] 
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1.1.2 ????? (??????) ???????? 
??????????????????????????????????????
???????????????????????????? (1.1.3????????
??) ????????????????????????????????????
??? (???????) ???????????????????????????
??????????????????????? 
??????????????????????????????????????
?[6-10]????????????????????????????????????
?????????????????? p=?RT????????? Cp???????
Cv??????????????p????????????R??????T???
???????????????????????????????????????
??? p=?RT??????????????????? Cp = Cp (T)?Cv = Cv (T) ??
???????????????????????????????????????
???????????????????????????????????????
????[6]??????????????????????????????????
???????????????????????? (Brayton cycle) ????? 1.2?
??????????-???????? (i-s ??) ???????????????
?????i-s?????????? 2???????????????????? 1.2
???????????????????????????????????????
??? 1?2?3?4?1? 1??????????????[6]? 
? 1?2: ????????? 
ݎ = ݌ଶ ݌ଵ⁄ ; ??? (???) ?݌ଶ = ݎ ݌ଵ, ଶܶ = ( ଵܶ ݎ(݇ − 1))/݇, ݇ = ܥ୮/ܥ୚ 
???? ݅ ଶ −  ݅ ଵ =  ܥ௣ ( ଶܶ  − ଵܶ)  =  ܥ୮ ଵܶ(ݎ(݇ − 1) ݇⁄  − 1) 
? 2?3: ???? ݌ଷ = ݌ଶ? ??? ݅ଷ  −  ݅ଶ  =  ܥ୮ ( ଷܶ  −  ଶܶ) 
? 3?4: ????????? 
݌ସ = ݌ଵ? ݌ଷ ݌ସ⁄  = ݌ଶ ݌ଵ⁄ = ݎ? ସܶ  = ଷܶ(1 ݎ⁄ )(݇ − 1) ݇⁄  
???? ݅ଷ  −  ݅ସ  =  ܥ୮( ଷܶ  −  ସܶ) =  ܥ୮ ଷܶ {1 − 1 ݎ(݇ − 1) ݇⁄⁄ } 
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? 4?1: ???? ݌ସ  =  ݌ଵ????? ݅ସ  −  ݅ଵ 
????????????????? (??????????) ?????????
? (Thermal Efficiency, ?th) ?? [??????] / [???????????]????
???????????????????????????????????????
???????????????????????????????????????
????????????????? 
?௧௛  =  ݅ଷ  −  ݅ସ  −  (݅ଶ  − ݅ଵ) (݅ଷ  − ݅ଶ)⁄ =  1 − ܥ୮ ( ସܶ  −  ଵܶ) ൛ܥ୮ ( ଷܶ  − ଶܶ)ൟ⁄   
=  1 −  ( ସܶ  −  ଵܶ) ( ଷܶ  −  ଶܶ)⁄   = 1 − 1 (ݎ(݇ − 1) ݇⁄ )⁄ = 1 − 1 ߆⁄  
????????????????߆ = ଶܶ ଵܶ⁄ = ଷܶ ସܶ⁄ = ݎ(݇ − 1) ݇⁄ ????????
?????????????????????????????? (r) ??????? 
? ?????? (Specific output) ?????????????? 
 ݓ =  ݅ଷ  −  ݅ସ  −  (݅ଶ  −  ݅ଵ)  =  ܥ୮ {( ଷܶ  − ସܶ)  − ( ଶܶ  − ଵܶ)}  
   ? ? ?    =  ܥ୮ ଷܶ (ݎ(݇ − 1) ݇ − 1⁄ ) ݎ(݇ − 1)⁄ ݇⁄  − C୮ ଵܶ(ݎ(݇ − 1) ݇ − 1⁄ ) 
?        ?     =  ܥ୮ ଵܶ (ݎ(݇ − 1) ݇⁄ − 1)൫ ଷܶ/ ଵܶ × (1 ݎ(݇ − 1)⁄ ) ݇⁄ –  1)൯ 
? ?                         =  ܥ୮ ଵܶ (߆ −  1)( ଷܶ/ ଵܶ × 1 ߆⁄  −  1) 
? ? ? ? ? ? ?  =  ܥ୮ ଵܶ (߆ −  1)(߬ ߆⁄  −  1) 
???????????= T3/T1?????????????????????????
???????????????????????????????????????
w? 
߆ =  ݎ(݇ − 1) ݇⁄  =  √߬ 
?????????? 1.3???????????????????????????
????? 
???????????? r?????????????????????????
??? (????????????) ??????????????????????
?????????????????????????????[10,11]????????
????? 1.4????????????????????????????????
?????????1990??????? GE90?????????????? 40??
6 
 
???????? 1.5?????????????????????????????
????????????? 1500???????????????? 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.2 ?????????[7] 
 
 
 
 
 
 
 
 
 
 
 
? 1.3???????????????????????[7] 
7 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.4??????????[11] 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.5???????????[11] 
 
8 
 
1.1.3 ????????????? 
?1.6???????????????????????????????????
???????????????????? 50 ?????????????????
????? (????) ???????????[12]?1950????????????
??????????? (Passive Flow Control) ?????????1980??????
??????????????????????????????????????
????????? (Active Flow Control) ??????????????, ?????
???????????????????????????????????????
???????????????????????????????????? 
???????????[13]?MEMS????????????[14,15]????????
???????????????[16,17]?????????????????????
???????????????????2000??????????????????
???????????????????????????????????????
?????????????????????????????  
??????????????????????????[12,18]??????[12]??
???????????? (???????) ????1.7?????????????
??????????? (???) ???????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????[12]?  
???????????????????? 2?????????????????
???????????????????????????????????????
??????[19-28]?10 kV?10 kHz??? AC??????????????????
9 
 
????????????????????????????????????????  
???????????????????????????????????????
???????????????????????????????????????
????????????????????SDBD (Single Dielectric Barrier Discharge) ?
????????????????? (? 1.8? SDBD??????). ???????
???????????[25]???? 1??????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????[27]? 
?????????????????????????????????  
???????????????????  
???????????????????????????? 
????????????????????????? 
????????????????????? 
??????????????????????????????????????
???????????????[29,30]???????????????????????
?????????????????????????????????????????
????????????????????????????????????????
??????????????????????? 
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? 1.6 ???????????[12] 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.7 ??????????????[12] 
 
 
11 
 
 
 
 
 
 
 
 
 
 
 
? 1.8 SDBD??????????? 
 
 
1.1.4? ???????????????????? 
  ?????????????????????? SDBD ????????????
??????????????????? 10 ??????????????????
??[29,30]???????????????????????????????????
????????????????????????????????????????
??????????????????????????? (??) ????????
?????????????? 
????????????????????????????????? 1.9????
???????????????????????????????????????
?????????????? Forte???????[20]? 
?????????????????? (y??) ???? mm?????? m/s ?
???????????????????????????????????????
??????????? (x ??) ? 10mm???????????????????
???? 1mm????????????????????????????????
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????????????? 
????????????????????????????????????[19]?
? 1.10 ???????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????  
?????SDBD????????????????????????? 10 kVpp?
????????? SDBD ??????????????????? ? mN/m ??
???????????????????????????????????????
????????????????????????????????????SDBD
???????????????????????????????? N/m (????
mN/m) ???????????????????????????????????
?????  
SDBD ??????????????????????????????????
????????????????????????????????????
Kotsonis ??????????????? (? 1.11) [21]??????????????
?????????????????????????????????? SDBD??
????????????????????????????????????
Kotsonis ?????????????????? PIV (Particle Image Velocimetry) ??
???SDBD?????????????????????????????????
??????????????????????? (? 1.11)????????????
?????????? (????, x??) ? PIV?????????????????
PIV ????????????? 3 ???? (mom.balance ????????????
?????????? reduced method??? gradient method????????????
????????) ??????????????????????????????
???? (x ??) ??????????????????????????????
??????????????????????????????????????
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???????????????????? SDBD????????????????
??????? 
? 1.12 ??SDBD ?????????????????????????????
?[24]?????? Thomas???????????????????????????
? 3.5 ?????????????????????SDBD ????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????? 
Moreau ??????????????????????????????????
????????? 0.01?0.1%????????????? (? 1.13)[32,33]?????
?? (??) ???????????? 
SDBD ??????????????????????????????????
?????????????????????????????????????? 1.14
????????????? (Electrohydrodynamic force, EHD force) ???????
Nishida???????????????[34]??????????? (????) ???
??????????????????? SDBD ????????????????
??? (??) ? 10?20 %????????????????????????????
??????? 30 kVpp??? 40 kVpp ??????????????????? 
????????????????????????????????? 1.1???
?????????????????????????????[35]?????????
???????????????????????????????????????
??[36]????????????????????????????????????
???????????????????????????????????????
??????????????????? (? 1.16) [24]? 
????SDBD???????????????????????????????
????????[24]?? 1.15 ?? 1.16 ??????? Thomas ??????????
???????????????????SDBD?????????????????
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??????????????????????????????? 2???????
??????????????2?5???????????????5???????
????????????????????????????????????????
????????????????????? 1.17? Versailles??????????
????????????[36]??????????????????????????
??????????????????????? 
??????????????????????????????????????
????????????????????? (TED) ??????????????
?????? 1?????????????? 1.18? Durscher?????? 4???
?????????????????????????[37]?Durscher ?? SDBD ??
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????????? (multiple DBD) ????????????????
??????????? (? 1.19)[19,24]?Corke???multiple DBD?????????
0.4 N/m???????????????????????????????????
?? (? 1.20)[25]????????SDBD?????????????????????
???????????????????????????????????? 
???????????? SDBD ?????????????????????? 
(???) ?? mN/m??????????????????????????????
???????????????????????????????????? 2 ?
???Saddoughi???? CFD?????????????????????????
?????????????? (???? 63.3 m/s) ?? 0.29 N/m???????? (?
?? 447.62 m/s) ?? 17.26 N/m?????????????????[38]??????
?????????????????????????CFD????????????
??????????????????? 0.3???? 0.3?0.4 N/m????????
??[39]????????????????????????????????????
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???????????????  
 
 
 
 
 
 
 
 
 
 
 
 
? 1.9 SDBD????????????????????????[20] 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.10?????????????????[20] 
16 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) ???????? 
 
 
 
 
 
 
 
 
 
 
(b) ???????? 
? 1.11 SDBD????????????????????????? 
PIV (mom:??????) ???[21] 
 
17 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.12??????????????????????????? 3.5 (7/2)??[25] 
 
 
 
 
 
 
 
 
 
 
 
 
18 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) ??????? 
 
 
 
 
 
 
 
 
 
 
(b) ???????? 
? 1.13 SDBD??????????????[33] 
 
 
19 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Low voltage??? 
 
 
 
 
 
 
 
 
 
 
 
 
(b) High voltage??? 
? 1.14 ?????????? (??) ????[35] 
 
20 
 
 
? 1.1 ??????[36] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.15 ??????????[25] 
 
 
Dielectric Constant(εr) Dielectric Strength(E )
Kapton 3.5 154kV/mm 400
Teflon 2.1 1.2kV/mm 250
Aluminum Oxide 9.4 15kV/mm 2000
Quartz 5 25kV/mm 1600
Glass 3.8 10kV/mm 1200
Lexan 2.9 16kV/mm 125
Mica 4?9 25kV/mm 700
Pyrex Glass 4.1 15kV/mm 250
Bakelite 5?22 24kV/mm 80
Material Melting Point(?)
(room temperature)
21 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.16????????? (???) [25] 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.17????????? (???) [25] 
22 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.18 ?????????[37] 
 
 
 
 
 
 
 
 
 
 
 
 
 
23 
 
 
 
 
 
 
 
 
 
 
 
(a) ???? 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) ?????????? 
? 1.19????????????? (??) [38] 
 
24 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.20 Multiple DBD???????[20] 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.21 Multiple DBD?????[25] 
 
25 
 
1.1.5? ??? (TED) ??????????? 
??????????????????????????????????
??????DC????????????????????????????
??????????????????? [40-45]?????????  (Trielectrode 
Discharge?TED) ????????????????????1.22?SDBD??
????????????????????SDBD?????????????
????????????????????????  (?1.22 (a) )? ?????
?????????????????????????10 kV???DC????
????  (?1.22 (b), (c) )?????????AC???DC??????????
?????TED????????????????AC, DC?????????
???TED?????????????????????????DC????
??????TED-DBD????????????????????DC????
???????Sliding Discharge (SD) ????????TED-SD???????
??????????????1.23??TED-SD??????????????
???????????TED-SD?SDBD?????????????????
????Sliding Discharge????????????????????????
(4.2.3???4.5?TED-SD?SDBD????????????????????
???????)?  
???????TED?????????????????????????????
SDBD????????????????????????????????????
[40-45]???????????????????????????????????
?????????  
 
 
 
 
 
26 
 
 
 
 
 
 
 
 
 
(a) SDBD 
 
 
 
 
 
 
(b) TED-DBD 
 
 
 
 
 
 
 
(c) TED-SD 
?1.22 SDBD?TED ?????????????? 
 
 
27 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 1.23 TED-SD?????????????????? 
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1.2 ???? 
??????????????????????????????????????
????????????????? 4??????? 
??????????????????????????????? 1??????
???????????????????????????????????????
?????????????????????????????????2?????
?????????????????????????????????????? 
(Al2O3) ??????????????? (TED) ????????????????
?????????3?????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
??????????????????????? 
??????????????????????????? (?60m/s) ??????
???????????????????????????????????????
?? 
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1.3 ???? 
?????????????  
?1????????????????????   
?2????????????????????????????????????
???????????????????????????????????????
??????????????????  
? 3??????????? (Al2O3) ??????????? (TED) ??????
??????????????????????????????????? (2,300 
K) ??????? (?15 kV/mm) ??????????????????????
??? 2 ??????????????????????????????????
????????????????????Al2O3????????????????
??????????????????????????????????????
???????????????  
?4???????????????????????????????????
??????????????????????????SDBD??????????
???????????????????????????????????????
???????????????????????????????????????
??????????????SDBD?????????????????????
??????????????????????????????????????
??????????????????????????  
?5???????????????????????????????????
??????????????????????????????????????
?????????????????????????????????  
?6??????????? 
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? 2?  
 
???????????????????
????? 
 
2.1 ???? 
??????????????????????? m/s???????? mN/m??
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????? 
??????????????????????????????????????
???????????????????????????????????????
????? 
 
2.2 ???? 
2.2.1? ?? 
? 2.1????????????????? 2????? (?????GLL-2050(41))
? Y??????????????????????????? 3????????
??????????? 6 m?????????????????????????
????????? 100 mm×100 mm??????? 1,000 mm??????????
??????????????. ? 2.2???? 20, 40, 60 m/s??????????
???????????????????????????? 3.0 %???? 
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? 2.1 ??????? 
 
 
 
 
 
 
 
 
 
 
 
? 2.2???????????????????? 
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Velocity [m/s]
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Blower
Screen
Test SectionFlow
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Transition duct
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100?100mm
150?150mm
6000mm 800mm 1000mm
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2.2.2 ????????? 
? ????????? (c) 50mm? NACA0015 ??? 2 ????????? (? 2.3)?
???????????????? (x/c = 0.0) ?????????????????
??????? 25mm??? 0.24mm??????????????? 6 mm (??) ?
10 mm (??)??? 0.07mm???????????????  
? ??????????????????????? (AZ66MAD-HS100) ?????
???? 1.0????????  
? ????????? PIS-PG1040F (???????) ????. ?????????
?????????????????????. ????????????????
(NF ?????????WF1974) ???????????????????????
???????. ? 2.4 ????????????????????????????
? (15 kHz) ????????????????????? ON/OFF??[47]?????
????? ON??????? Duty????. Duty?? 20 %???????????
?????????????????????????? (St) ??????????
????????????????????? 
ܵݐ = ݂ܿ/U?    ? ? ? ? ? ? ? ? ? ?      (2.1) 
 ????f????????? (Hz)?c??????? (m)?U????? (m/s) ??
?? 
 
 
 
 
 
 
 
(a) ???? ? ? ? ? ? ? (b) ?????????????? (???) 
? 2.3 NACA0012??? 
33 
 
 
 
 
 
 
 
 
 
 
 
 
? 2.4??????????? 
2.2.3 ???? 
? ??????PIV???????? 1?m? DOS (??????????)?????
??? Nd:YAG ???  (LEE LASER, LDP-100MQG) ???????  (PHOTRON, 
FASTCAM SA5) ???????????????? (?) ??? PIV ???????
?????????????????? Koncerto ???????????? PIV??
???? 200??????????????? (??) ???????? 
 
2.3 ?? 
2.3.1 ??????? 
? ?????????????????????????????? 2.5?2.7????
??????? 20, 40, 60 m/s ?????PIV ??????????????????
??? 2.5?????? 20 m/s????? 13?? 14???????. ??????13?
???????????????14????????????????????????
?? 20 m/s?????????? 14??????????  
? ? 2.6?????? 40 m/s??????? 14?? 15?????????????? 
ON Time OFF Time
f=1/T: Pulsed modulation frequency
Duty = ON time
/ (ON time + OFF Time)
Fundamental frequency = 15kHz
34 
 
14????????????????15??????????????????? 40 
m/s ???????????? 15?????? 2.7 ????? 60 m/s ????? 16?
? 17???????. ????? 17?????????????????? 17???
?? 
? ????????? 20, 40, 60 m/s?????????????14, 15, 17?????
?? 
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(a) AoA = 13 degrees 
 
 
 
 
 
 
 
 
 
 
 
(b) AoA = 14 degrees 
? 2.5 ????????????????????? (???? 20 m/s) 
 
?
36 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) AoA = 14 degrees 
 
 
 
 
 
 
 
 
 
 
 
(b) AoA = 15 degrees 
? 2.6 ????????????????????? (???? 40 m/s) 
 
?
?
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(a) AoA = 16 degrees 
 
 
 
 
 
 
 
 
 
 
 
(b) AoA = 17 degrees 
? 2.7 ????????????????????? (???? 60 m/s) 
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2.3.2 ???????????? (????????) ??? 
? ????????????????????????????????? (???
?????) ?????????????????????????????????
??? St (2.2.2? ?(2.1) ??) ??????? 
? 2.8????? 20 m/s?????? 14?(???) ???????????????
?? St =2, 3, 4, 5???????????????????????????. ???
?????????????????? St = 4??????????????????
??????????????????????????St =2, 3? 5????????
???????????????????????????????????????
????St = 4????????????????????????????????
??????????????????????????? St ??? 1?20 ????
???????[1,48-55]?St?1??????????????????????????
??????[52]?????????????? St ????????????????
???????????????????????????????????????
????????????? 
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(a) St = 2 
 
 
 
  
 
 
 
 
 
 
 
(b) St = 3 
 
 
AC 
electrode
Buried 
electrode
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(c) St = 4 
 
 
 
 
  
 
 
 
 
 
 
(d) St = 5 
? 2.8 ??????????????? (???? 20m/s) 
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2.3.3 ??????? 
?????????? 20, 40, 60 m/s?????????????????????
???????????????????????????????????????
?? 1 kVpp??????????????????????????????? St = 4 
(???? 20, 40, 60 m/s) ????????????????????????NACA0015
? (??? 180 mm) ???????? 20 m/s ???????????? St = 1.8, 50? ?
m/s?? St = 2.5, 70 m/s?? St = 2.3???????? 3?????????? St?2?
????????????[49]??????????????????????????
???????????????????????????????  
? ? 2.9?????? 20 m/s????????????????? St = 4?????13
? 14 kVpp????????????????????????13 kVpp???????
???????????????????????????????????????
???? (????) ??????14 kVpp????????13 kVpp?????????
??????????????????14 kVpp ?????????????????
???? 
? ? 2.10 ????? 40 m/s ????????????????? St = 4 ???? 16 
kVpp? 17 kVpp????????????????????????. ????? 2.11
????? 60 m/s ???????????????? St = 4 ?????20 kVpp? 21 
kvpp??????????????????????? 20 m/s???????????
??? 40 m/s ? 60m/s ?????????????????????? 17 kVpp? 20 
kVpp?????????? 
? ??????????????????????????????? 2.12 ???? 
???????????????????????????????????????
???????????????????????????????????????
???????????? 3.5????????????[25]????????????
????. ?????? 2.13 ????????????? 20 m/s ?????????
????? 20 m/s????????????????????????????? 3.5
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??????????????????????20m/s?????????? (?? U20
??? T20)? ?????? (U) ???????????????? (T) ??????
???? 2??????? 
ܶ ଶܶ଴⁄  =  0.85(ܷ ଶܷ଴⁄ )ଶ − 1.7(ܷ ଶܷ଴⁄ ) + 1.85                     (2.2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
43 
 
AC 
electrode
Buried 
electrode
 
 
 
 
 
 
 
 
 
 
 
 
(a) Applied 13 kVpp 
 
 
 
 
 
 
 
 
 
 
 
(b) Applied 14 kVpp 
? 2.9?? 20 m/s?? St = 4??????????? (m/s) 
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AC 
electrode
Buried 
electrode
 
 
 
 
 
 
 
 
 
 
 
 
(a) Applied 16 kVpp 
 
 
 
 
  
 
 
 
 
 
 
(b) Applied 17 kVpp 
? 2.10 ?? 40 m/s?? St = 4??????????? (m/s)????? 15? 
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(a) Applied 20 kVpp 
 
 
 
 
 
 
 
 
 
 
 
(b) Applied 21 kVpp 
? 2.11 ?? 60 m/s?? St = 4??????????? (m/s)????? 17? 
 
AC 
electrode
Buried 
electrode
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? 2.12 ????????????????????? 
 
 
 
 
 
 
 
 
 
 
 
 
? 2.13 ???????????? 
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Velocity Ratio (U/U20) [-]
ܶ 2ܶ0⁄  =  0.85 ܷ 2ܷ0⁄ 2 − 1.7 ܷ 2ܷ0⁄ + 1.85
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2.4 ?????? 
 ?????NACA0015????????? SDBD????????????????
??????????? 20?60 m/s ????????????????????PIV 
(Particle Image Velocimetry) ???????????????????????????
???????????????????????????????????????
??????? 
???????????????????????????????? 20 m/s?? St 
= 4???????????????????????????????? 20, 40, 
60 m/s?????? 
????? 20 m/s ?????????????????????????????
40 m/s? 60 m/s??????????????????? 3.5?????????
?????20 m/s?????????????????????????????
? 2??????? 
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? 3?  
 
Al2O3 ????????????????
??????? 
 
3.1 ???? 
???????????? (Al2O3) ??????????? (TED) ???????
?????????????????????? SDBD ?????????????
????????????????? 3.5????????????????????
???????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????? (? 1.1??????????) ???????????????????
???????????????????????? Al2O3??????? 
?????Al2O3??????????????????????????????
????????????????????????Al2O3????????????
??????????????????????????????????????
???????????????????? 
 
3.2? ???? 
3.2.1 ??????????????? 
????????????????????????????? 3.1???????
??????????????????????????? (Agilent 33220A) ???
0-5 V ? TTL ??????????????????????????? (Minipuls4
??? Minipuls6) ????????????????? 400 W, 70 Vpp???????
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???????, ????? AC ?????? 30 kVpp?????????? 5-15 kHz
???????????????????????????????????????
???????????????????? (Tektronix, MSO 4034) ????????
???DC ??????????? (????????, HAR-30) ?????????
???????????????????????????????????????
??????????? (???? ????????? 9298) ???????? 
 
 
 
 
 
 
 
 
 
 
? 3.1 ??????????????????? 
 
 
 
3.2.2 ?????? 
??????????????????????????????????????
??????????????????? 3.2??????????????????
????? 3.3 ????????????? (? 3.2 ???????????????
???????)???????????????????????????????
?????????????????? 3.4??????? (?????, AUW320) ?
???????????????????????????????????????
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??? 3.3?????????? 2??????2???????????? 3.2(a)??
???????????????????????????????????????
??????????? 3.2 (b) ????????????????????????
?? 1:2 ??????????????????????????????? (??) 
??????????????????? W  [g] ????? ??? T = Wg / 2L [N/mm]
???????????L????? [mm], g?????? [m/s2] ?????????
??????????? PC???????? 20???? 2000??????????
???? 
?????????????????????????Th [mN/m], ????????
???????????????? Tv [mN/m] ????SDBD???????????
???????????? (Th ? 0) ???????????SDBD????????
?????????? 3.5 ????????????????? Th ? 0 ?????
SDBD????????????????????????????????? (??
?) Ta [mN/m]??????????????????????????????? (Ta) 
?? (3.1) ????????? 
 
 ௔ܶ = ට ௛ܶଶ + ௩ܶଶ (3.1) 
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(a) ????????????? 
 
 
 
 
 
 
 
 
 
 
 
(b) ????????????? 
? 3.2 ?????????? 
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(a) ???????????? 
 
 
 
 
 
 
 
 
 
 
 
(b) ???????????? 
? 3.3? ??????????????? 
 
 
53 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 3.4 ?????????? (AUW320) 
 
3.2.3 ????? 
??????????????????????????????????????
????????PIV (Particle Image Velocimetry) ?????????????????
???????????????????????????????????????
??????????????????????????????????????
??????????????? (?10 m/s) ??????????????????
???????????????????????????????????????
??????????????????????????????????? ”Virtual 
Seeding (??????????)” ???????????????????????
??????????????? 3.1 ? TED ??????????????????
?????????????????????????????????????? 
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(Photron FASTCAM SA-X2) ???? 1??? 1000????????????? 
 
? 3.1 ?????? 
AC frequency: fac  11 kHz, 16kHz 
AC voltage: Vac  10.0 – 20.0 kVpp 
DC voltage: Vdc  0 – ±30.0 kV 
Electrode material  Copper 
Dielectric layer material  Al2O3 
Dielectric layer thickness  2 mm 
Buried electrode width  40 mm 
Exposed electrode width  5 mm 
Overlap of electrodes  0 mm 
Discharge length  200 mm 
 
3.3 ???? 
3.3.1 ?????????????????? 
? ?????????Al2O3 ??????????????????????????
???????????????????????????? 
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????????[56,57]???????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????? Al2O3??????? 0.2 mm, 0.5 mm?
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?? 1 mm? 3?????? SDBD???????????????????????
??? AC ???? 5kVpp???????????????????????????
??????????????????Al2O3?????????? (?????kV/mm) 
????????????????????????????????????? 
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????? 
???????????????Al2O3?????????????????????
??????????????????????? 3.5??????????????
?????????????????????? (Heat Dissipation) ????????
?????????? (Heat Production) ?????????????Al2O3?????
???????????????????????????????????????
???????????????????????????????????????
? 0.1% ~ 0.2%??[32,33]????????????????????????????
???????????????????? 1%?????????AC ??????
?? 1 kW?? 10 W?????????????????????????????
???????????????????????????????????????
?????+10???????????????????????? Q ?? 10 W??
???????????????????????????????????????
???????????? 80 m/s????????????????????????
?????? (3.2) ????? 
ܳ =  ℎୟ୧୰ × ( ୦ܶୣୟ୲  −  ୟܶ୫ୠ) × ܣ୦ୣୟ୲ିୱ୳୰୤ୟୡୣ  ? ? ? ? ? ? ? ?    (3.2) 
????hair?????[W/m2k]?Aheat-surface????????[m2] ??????????
???????????????????????????[58,59] ????? 
ℎୟ୧୰ = ߣ ܮ⁄ × 0.037ܴ݁଴.଼ܲݎଵ/ଷ? ? ?      ?         ? ?  (3.3) 
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????L?????[m]?λ?????[W/mk]?Re????????Pr?????
???????????????????????????????????????
????????????????????????????????????L = 200 
mm, ? = 0.0287 [W/mk] , Re = 3.2?106, Pr = 0.71??????? 
 
 
 
 
 
 
 
 
 
? 3.5????????????? 
 
3.3.2 ??? (TED) ???????????????? 
? ??????????????????????????? AC ????????
?????????????AC??? DC???????????????????
????????????? 3.1???????????????? SDBD?????
????????????????????????Vdc = 0 kV?????SDBD??
????????????????? 
 
3.4 ????? 
3.4.1????? 
? ? 3.6????????????????????????????????????
??????????????????????? 0.2 mm???????? (Vac) ?
10 kVpp????? 3.6 (b) ???????????????????????????
Flow
100 mm
200 mm
Plasma ActuatorHeat Production
Heat Dissipation
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????????????????????????????????? (?????
???????) ???????????????????????????????
???????????????????????????????? 
? 3.7 ??Al2O3??????????????????????????????
???????????????????????????????????????
? AC ???????????????????????????????????
Al2O3?????????? (????????????????????) ?????
????????? (Vac) ? 5 kVpp????????30 kVpp?????????? 1.0 
mm?????????????????????????????????????
??????????????????Al2O3 ??????????????????
???????????? 25?30 kVpp/mm ???????????????????
????????????????????? AC????????????????
????????????????????????????? 40 kVpp??????
?????????????????? 2 mm? Al2O3??????????????
????????????????? 
SDBD ??????????????????????????????????
?????????????????????????? 80 m/s???????? Vac 
= 35 kVpp????????????????????????? 2 mm? Al2O3???
????????????????????????????? 60 ????????
???? 1 ?????????????????????? 700 ?? (? 12 ??) ?
???????????????????????????????? 3.8?????
?????? 
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(a) ?????? 
 
 
 
 
 
 
 
 
 
 
 
(b) ????????? 
? 3.6 ?????????????? 
 
 
Failure
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? 3.7 Al2O3???????????????????????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 3.8 ?????????????? 
????? 700????????? 
 
0
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Failure (t0.5mm)
Flow
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3.4.2? ???? 
? 3.9?????????????????? AC???? 11 kHz?? DC????
????????????????? AC????? Vac = 15.0 kV (? 3.9 (a) ) ????
????????????????Vdc = 0 kV?? 7.18 mN/m???????????
???Vdc = 0 kV???? SDBD???????????????????????? 
DC?? (Vdc) ?????????????Vdc?????? (|Vdc < 0|) ?? SDBD??
???????????????????????????????????????
DC?????????????? Vdc????? (Vdc = 25.0 kV) ?????????
????Vdc = 25 kV??????? 18.84 mN/m????SDBD??????????
??????? AC????????????????? 162 %??????????
????? DC????????????????????? (????) ?????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????? 
?? DC ???????????????????????????Vdc?-23 kV ?
?????????????????????????????????????? Vdc
???????????????????????????????????????
????????????????? 
? 3.11??Vdc = -25kV?Vac? = 15 kVpp?????????????????????
????????????????????????????????DC?????
???????????????????????????????????????
???????????????????????? Sliding Discharge???????
[40-45]?????????????? (??????) ???????????????
?? Sliding Discharge ????????????????????Sliding Discharge ?
?????????????? 
?????????????????????????????????????
?????? 3.9? 3.10??????????????? AC???????????
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??? AC ??? DC ????????????????????????????
DC ?????????????????????????? Vac?????????
????? Vdc????????????????????????????AC ??
??????? Vdc = 0????????????????DC???????????
????? AC????????????????Vac = 13.0 kV (? 3.9 (b) ) ? 20.0 kV 
(? 3.9 (c) ) ????? Vdc????????????????????Vac = 13.0 kV?
????????? 46.79 mN/m?????????SDBD????????????
???????? 804 %??????????? DC???????????????
????AC?????????????????????????????????
???????????????????????????????????????
???? 
 
3.4.3? ????????????????????? 
? ?????TED ??????????????????????????????
??? 3.12 ??TED ?????????????????????????????
?????????????????????? fp = 11 kHz????????????
????????????? SDBD???????????????????????
?????? DC????????? (TED-SD) ??????????????? 3.12 
(a) ????????????????? AC?? (Vac) ???????? V????
???????????Vdc ??????????????????????????
?????????????????????????? DC ????????? 
SDBD??????????????????????????????????? Vdc
???????? Sliding Discharge???????????????????????
????????????????????? Vac????????????????
????????? (TED-DBD) ???????????????? (? 3.12 (b) )??
??????????? DC?????????? SDBD?????????????
?????????????????????????????????? Vdc = 22kV?
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Vac = 20.0 kV????????? Vac ????? SDBD??????????????
?? 2???????? 
?????TED ????????????????????? SDBD ??????
???????????????????????????????????? 
 
 
 
 
 
 
 
 
 
 
 
(a) Vac = 15.0 kV, fp = 11 kHz 
 
 
 
 
 
 
 
 
 
 
(b) Vac = 18.0 kV, fp = 11 kHz 
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(c) Vac = 20.0 kV, fp = 11 kHz 
 
 
 
 
 
 
 
 
 
 
 
 
(d) Vac = 10.4 kV, fp = 11 kHz 
 
 
64 
 
 
 
 
 
 
 
 
 
 
 
(e) Vac = 13.0 kV 
? 3.9? TED-SD??????????????????? DC????? 
 
 
 
 
 
 
 
 
 
 
 
 
? 3.10 Sliding Discharge??????????????????? 
(Va c = 15.0 kVpp? Vd c = -25.0 kV) 
 
?????
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(a) Negative Vdc (Vdc = -30?0 kV) 
 
 
 
 
 
 
 
 
 
 
 
(b) Positive Vdc (Vdc = 0?+30 kV) 
? 3.11 ?????????????????? 
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3.5?????? 
? ????Al2O3???????????????????????????????
????????????????????????????????? (TED) ??
?????????????????????????????????????
Al2O3-TED????????????????????????????????? 
?????????????????????Al2O3 ??????????????
???????????????? 25 kVpp/mm ?????????????????
??????????????????????????????? 700??????
?????????????????????????????????? 
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???? DC????????DC???????????????????????
??????????? DC?? (> 20 kVpp) ????????????? SDBD??
??????????????????????????? 804 %?????????
?????? DC????????TED?????????????????????
???????????????? 
????????Al2O3-TED?????????????????????????
???????????????????????????? 
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? 4?  
 
???????????????????
?????? 
 
4.1 ???? 
??? (TED) ???????????? SDBD????????????????
??????????????????????Al2O3????????? TED-DBD?
?????????????? SDBD???????????????? 800%???
?????????????????? 
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????? 
?????????????? TED-DBD ? TED-SD ????????????
NACA0012 ??????????????????? PIV ????????????
???SDBD?????????????????????????????????
??????????????????????? 
 
4.2???? 
4.2.1???????????????????????? 
? ???????????????????????? 3? (3.2.1) ????????
????? 
 
4.2.2 ???? 
???????? 4.1????????????????????????????
????????????????? 600 mm ×600 mm?????? 1,800 mm ???
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???????????????????????????????????????
???????????????????????????????????????
?????? 7 ?????????? 0?30 m/s ????????????????
???????? 30 m/s?????????? 0.7%??????  
 
 
 
 
 
 
 
 
 
 
 
? Inlet ? Test section ? Fan 
? Screen ? Diffuser ? Motor 
? Contraction   
 
? 4.1 ???? 
 
4.2.3 ??? 
?????????????NACA0012????????????????????
? 4.2??????????? 300 mm??? 300 mm?????? 400 mm??? 5 mm
???? 30???????? (????????????)? ????????????
? 4.3???????????????? 
????????????????????????????????? 4.1????
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?????????????????? PTFE???? 6???? 1.08 mm?????
?????????? 0.08 mm???????????  
? ? 4.3?????????????????????????????????? 4.4
? SDBD? TED-SD????????????????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 4.2 NACA0012?????????? 
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(a) ??? 
 
 
 
 
 
 
 
 
 
 
 
(b) ??? 
? 4.3 NACA0012????????? 
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? 4.1????????????????????? 
Dielectric material PTFE 
? ? AC frequency: fac [kHz] 13 
? ? AC voltage: Vac [kVpp] 15.6 
? ? DC voltage: Vdc [kV] -20 ? 15 
? ? Electrode material  Copper 
? ? Dielectric layer thickness [mm] 1.08 
? ? Buried electrode width [mm] 40 
? ? Exposed electrode width [mm] 5 
? ? Overlap of electrodes [mm] 0 
? ? Discharge length [mm] 255 
 
 
 
 
 
 
 
 
 
 
 
? 4.4 TED?????????????????? 
 
 
DC electrode
AC electrode
Buried electrode
W5.0 mm
W40.0 mm
W5.0 mm
41.4 mm from AC electrode
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(a) P/A off 
 
 
 
 
 
 
 
(b) SDBD 
 
 
 
 
 
 
 
(c) TED-SD 
? 4.5 ?????????????????????? 
 
73 
 
4.2.4 PIV?? 
??????????????????????????????????????
???????? 2 ?? PIV ????????PIV ???? Nd:YAG ??? (LEE 
LASER LDP-100MQG) ?????????? DOS (Dioctyl sebacate) ????????
????????? (????? FASTCAM SA-X2) ???????????????
?????? PIV ?????????? (?????????? Koncerto II) ???
??????  
? 4.6? PIV?????????????? 4.7????????????????
???????????????????? x????2?????????????
?? y?????????????????????????? 400 mm×400 mm??
???????????? 1 ???? 2000 ??????? 0.1 ??????????
???????????????????????????????????????
??????????????? 4.8??? PIV?????????????? 2??
?????????????????????????????  
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? 4.6 PIV?????????? 
 
 
 
 
 
 
 
 
 
 
 
? 4.7 PIV???? 
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? 4.8???? PIV???????? (????????????) 
 
4.3? ?? 
4.3.1? ??????????????????? 
?????????????? TED-DBD (Vdc > 0) ? TED-SD (Vdc < 0) ??????
??????????????????????? 4.9??????????????
??????????????? Vdc???????????????SDBD????
?????????????? (???) ? 11.3 mN/m????????Vdc = 0 kV?
?????SDBD????????????????????????? 4.9????
???????? (Vdc < 10 kV) ?????????????????????????
???????????????????? 3?5 mN/m ?????????????
??????????????? Vdc = 10 kV?? 13.1 mN/m?-10 kV?? 11.1 mN/m?
???????? 
??????????? (TED-DBD???)?10 kV?15 kV???????????
???????Vdc = 15 kV???SDBD??????????? (Vdc = 0 kV) ?????
?
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??????????? 1.3??????????????????????????
???????????????????????????????????????
???? 10 kV ? 20 kV???????????????????????????
?????????????????? Vdc = 21 kV? 17. 5 mN/m?????????
??? AC??????? SDBD???????????????????? 40 %?
???????????????????????????????????? 2??
???????????? 
????????????? (TED-SD???)?-10 kV?????????? (TED-
DBD) ????????????????????????????????????
????????????-10 kV?? 10.6 mN/m ?? -20 kV??-16.2 mN/m????
??????? 
Vdc ?-20 kV?????????Sliding Discharge????????????????
?????????????????Vdc = -20 kV???? 23.7 mN/m ?????SDBD
???????????? 2?????????????????????TED-SD?
??????????? TED-DBD ??????????????????????
????????????Vdc ? -20 kV????? Sliding Discharge????????
????????????????????????? 
????????SDBD? TED-SD????????????????? Vdc = 0 kV
?-20 kV??????????????Vdc = 0 kV?? TED-SD??????????
?? SDBD??????????????????????????????????
?????? Vdc = 15 kV??????????SDBD (Vdc = 0 kV), TED-SD (Vdc = -20 kV) 
? TED-DBD (Vdc = 15 kV) ? 3?????????????????????????
????????? 
? 4.10? SDBD? TED-SD????????????????????SDBD??
?????????? 114 W ????????TED-SD ????????????-20 
kVdc????? 135 W?????????????????????????????
????????????????TED-SD???????????? SDBD????
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??????????? 1.6??????????????????????????
4.11? SDBD? TED-DBD????????????????????TED-SD???
???????SDBD? TED-DBD???????????????????????
??????????????????  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 4.9 TED?????????????? DC???????? 
(Vpp = 15.6 kV, fac = 13 kHz) 
 
 
 
 
 
 
 
-40.0
-30.0
-20.0
-10.0
0.0
10.0
20.0
30.0
40.0
-25 -20 -15 -10 -5 0 5 10 15 20 25
T
hr
us
t,
 m
N
/m
Vdc, kV
horizontal
vertical
absolute
78 
 
 
 
 
 
 
 
 
 
 
 
 
? 4.10 ?????????? (Vpp = 15.6 kV, fac = 13 kHz, Vdc <0) 
 
 
 
 
 
 
 
 
 
 
 
 
? 4.11 ?????????? (Vpp = 15.6 kV, fac = 13 kHz, Vdc >0) 
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4.3.2 NACA0012????????? 
NACA0012 ????????????????????????????????
PIV ???????????????????????????????????
NACA0012 ??????????????????????? 30 m/s ???????
??? 4.12 ? PIV ??????????????????????????????
? 16???????????????????? 17???????????????
?????????????17??????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) AoA = 0 degrees 
 
 
Buried 
electrode
DC 
electrodeAC 
electrode
80 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) AoA = 5 degrees 
 
 
 
 
 
 
 
 
 
 
 
 
(c) AoA = 10 degrees 
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(d) AoA = 16 degrees 
 
 
 
 
 
 
 
 
 
 
 
 
(e) AoA = 17 degrees 
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(f) AoA = 20 degrees 
? 4.12 ????????????????????? (m/s) 
 
4.3.3 ???????????????????????? 
???????????????????? (???? 0 m/s) ?? SDBD ? TED-
SD??????????????? (??) ?????????? 4.13? PIV???
????????????????????????? 4.13 (a) ??????????
? SDBD ????????????????????????????????TED-
SD ???????????????????????????? (? 4.13 (b) ). ??
???TED-SD????????????? Sliding Discharge???????????
????? 4.13 (c) ???TED-DBD???????????? SDBD???????
???? (? 4.13 (a) ) ????????????????????????????
??TED-DBD????????????????????????????????
???????????????????? 
? 4.14?4.16 ???????? SDBD, TED-SD ? TED-DBD ??????????
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?????????????????????????? x??? y????????
????????????????TED-SD???????????? SDBD????
??????????? 2 ????????????????????????TED-
SD ???????????????? SDBD ????????????????? 
(?????) ???????????TED-DBD???????????? SDBD??
???????????????? 2????????????????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) SDBD (Vpp = 15.6 kV, Vdc = 0 kV) 
 
 
 
Buried 
electrode
AC 
electrode
DC 
electrode
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(b) TED-SD (Vpp = 15.6 kV, Vdc = -20 kV) 
 
 
 
 
 
 
 
 
 
 
 
(c) TED-DBD (Vpp = 15.6 kV, Vdc = 15 kV) 
? 4.13 ??????????????????????????????? (m/s) 
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(a) ???? (x??) ??? 
 
 
 
 
 
 
 
 
 
 
 
(b) ?????? (y??) ??? 
? 4.14 ??????? SDBD???????????????? (m/s) 
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(a) ???? (x??) ??? 
 
 
 
 
 
 
 
 
 
 
 
(b) ?????? (y??) ??? 
? 4.15 ??????? TED-SD???????????????? (m/s) 
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(a) ???? (x??) ??? 
 
 
 
 
 
 
 
 
 
 
 
(b) ?????? (y??) ??? 
? 4.16 ??????? TED-DBD???????????????? (m/s) 
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4.3.4 ?????????????????? 
? 4.17? SDBD???????????? AoA = 22?, 22.5?, 23?? PIV????
????AoA = 17????????????????????????????. ??
??SDBD???????????? 22???????????????? 4.18? TED-
SD?????????????? PIV ????????TED-SD?????????
?????? 22.5????????????????????????????SDBD
???????????? TED-SD???????????????????????
?????? TED-SD?????????????? 0.5?????????????
??? 4.19? TED-DBD???????????? AoA = 22?, 23?????????
? 22.5??????????????SDBD??? TED-SD????????????
?????????? 22?????????????????????SDBD ???
TED-SD????????????????????????????????? 4.20
? SDBD, TED-SD??? TED-DBD?????????????? 22???????
?????????????????3?????????????????????
?????????????????, ????????????????????
?????? 
????SDBD ? TED-SD ?????????????????????????
??????????????????SDBD???????????? TED-SD??
???????????????????? 0.5?1 m/s??????????????
??TED-SD?????????????????????????????????
???????????????????????????????????????
?????? 30 m/s??????????????????????????????
???????????????????????????????????????
??????? (??????) ????????????????????????
???????????????????????????????????????
???[47]????????? SDBD??????????????????????
???????(1) ?????????? (????) ? (2) ???????????
89 
 
?? (?????) ??????????????????????????????
TED-SD ???????????? SDBD ???????????????????
???????????????????????????????????????
?????(1) ????????????TED-SD???????????? SDBD?
???????????????????????????????????????
???????? TED-SD ???????????? SDBD ???????????
??????????????????????????????????????
???????????????TED-SD?????????????????? (?
??) ????????????????????????????????????
??????????????????????????????? 
?????????????????????????????????????
???????[47,48]??????????????????????????????
?????????????SDBD?????????????????? (????
???????????) ??????????????????????????
?[25]??????TED-SD???????????????????????????
?????????????????????????????? 
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(a) AoA = 22 degrees 
 
 
 
 
 
 
 
 
 
 
 
(b) AoA = 22.5 degre 
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(c) AoA = 23 degrees 
? 4.17 SDBD???????????????????? (m/s) 
 
 
 
 
 
 
 
 
 
 
 
(a) AoA = 22 degrees 
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electrode
AC 
electrode
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electrode
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(b) AoA = 22.5 degrees 
 
 
 
 
 
 
 
 
 
 
 
(c)  AoA = 23 degrees 
? 4.18 TED-SD???????????????????? (m/s) 
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(a) AoA = 22 degrees 
 
 
 
 
 
 
 
 
 
 
 
(b) AoA = 23 degrees 
? 4.19 TED-DBD???????????????????? (m/s) 
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(a) ???? (x??) ??? (SDBD? TED-SD???????????) 
 
 
 
 
 
 
 
 
 
 
 
(b) ?????? (y??) ??? (SDBD? TED-SD???????????) 
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(c) ???? (x??) ???  (SDBD? TED-DBD???????????) 
 
 
 
 
 
 
 
 
 
 
(d) ?????? (y??) ???  (SDBD? TED-DBD???????????) 
 
? 4.20 ???? 30m/s?? SDBD, TED-SD, ??? TED-DBD??????????
???????????????? (m/s) 
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4.4 ?????? 
??? (TED) ???????????????????????????????
????????????NACA0012???????? 6×105???????????
???????????????SDBD???????????? TED-SD?????
??????? 2?????????????????????? 
?????????????????????????????????TED-SD?
??????????? SDBD ??????????????????????
?????????????TED-SD????????????????????
???????????????? 
?????? AC?? 15.6 kV???? 13 kHz?????Vdc?-23 kV?+21 kV??
?????DC??? Vdc < -20 kV??????Sliding Discharge????????
?????????-20 kV???????????? SDBD??????????
?? 2 ????????????????????????????TED-SD ?
SDBD???????????????? 1.6????????  
??????? SDBD ? TED-SD ??????????????????????
???????????????TED-SD????????????? SDBD??
?????????????????????????????????????
???? SDBD????????????????? 17??? 22???????
?????TED-SD???????????? 22.5????????? 
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? 5?  
 
???????????????????
??? 
 
5.1 ???? 
??? (TED) ?????????????????SDBD ???????????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????????? SDBD ????????
????????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?[44,60]????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????????????????? (????) ???????
???????????????????????????????????????
?????????????????????????? 
3?? 4??????????????????????????????????
?????????????????????? 40 ~ 50 mm ???????????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????? 
???????????????????????????????????????
???????????????????????????????????? (??
? 30 mm??) ?????? TED ???????????????????????
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??????????????????  
 
 
 
 
 
 
 
 
 
 
(a) TED?????????????? 
 
 
 
 
 
 
 
 
 
 
 
(b) TED???????????????? 
? 5.1 TED?????????????? 
 
 
200?
10?40?
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5.2? ??????????? 
5.2.1? ????????????? 
? 5.1 ???????????? (TED) ???????????????????
???? ? 5.1 (a) ?????????????????????????????
SDBD ????????????????????????????????????
?????????? (????) ??? 0.0275 mm ??????????????
???????????????????????????????????????
??????????? AC ???DC???????????????? PTFE ??
????????????????? 5.1 (b) ??????????????????
??????????AC?DC ?????????????????????? (??
??) ????????????????????????????????????
??????????????????? d ???????????????????
????????????????? 0 mm ???????????????????
????????????????????? 5.1????????????????
????? AC ?????????????? 16.0 kHz ?????????? AC ?
???? DC??????????????????????????????? (?
?? 30 mm) ?????????????????????????????4???
???????????????????????????????????????
?????????????????????  
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? 5.1 TED?????????????? 
Dielectric material PTFE 
Electrode material Copper 
Dielectric layer thickness: td 
[mm] 
0.54 ~ 2.0 
Gap length: d [mm] 10 ~ 40 
Exposed electrode width [mm] 5 
Overlap of electrodes [mm] 0 
Discharge length [mm] 200 
AC frequency [kHz] 16.0 
AC voltage: Vac [kVpp] 6.0 ~ 15.6 
DC voltage: Vdc [kV] -30 ~ 30 
 
5.2.2 ???????????????????? 
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????? 5.2?????????????
????????? (????? AUW320) ???????????????????
??????????????????? 5.3 ??????????? 2 ??????
??????????????????????????????????????
??????????????????????????????????? 10 ??
???????????????????? 3 ?????????????????
?? 
??????????????????????????????????????
???????????????????????????????????????
???????? (? 5.4) ???????????????? A/D ????????
???????????????????????????????????????
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????????????????????????????????????? 
±0.33%???????????????????????? 1.23 mN/m ????? 
 
 
 
 
 
 
 
 
 
 
 
? 5.2 ??????????????????? 
 
 
 
 
 
 
 
 
 
 
 
(c) ????????????? 
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(d) ????????????? 
? 5.3 ?????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 5.4 ??????????????????? 
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5.3? ????????? 
5.3.1? ???????????????????? 
??????????????????????????????????????
???????????????????????? 5.5?????????????
???????????????????????????????????????? 
?????????????????? (???) ????????????????
??????????????????????Vdc = 0 kV???????? SDBD ?
?????????????????????Vdc = 0 kV????? SDBD?????
?????????????????????????? d ? (a) d = 40 mm, (b) 20 mm 
??? (c) 10 mm ???? 
???? 5.5 (a) ?????? d = 40 mm??????? Vdc???????????
Vdc ??????Vdc ??????? SDBD ???????????????????
?????????Vdc = +10 ~ 15 kV???????????????? Vdc = +15 ~ 23 
kV????????????????? (???) ????????????????
?? (Vdc = 23.0 kV) ????? 19.0 mN/m???? SDBD ????????????
?? (5.0 mN/m) ? 4???????????????????SDBD ???????
??????? 0 mN/m??????????????? 18.0 mN/m????????
????????????????????? AC ???DC ???????????
?????????????????????????? 
??????????????????????????????????????
????????????????????????????????? SDBD ??
??????????????? 5.5 (a) ???? x ???? (DC ???? AC ??
??) ?????????????????????[61]?????????????
???????????????????????????????? (Vdc < 0) ??
AC???????????? DC?????????? DC???????????
?? (2 ?????) ?????? DC ?????????????????????
??????????????????????? AC??????????????
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?? (DC???? AC??????) ????????? (Vdc > 0) ??DC????
??????????????????????????????????? 
???? 5.5 (b) ??? (c) ?????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????Vdc ????????Vdc?????????????????
???????????????? 10 mm?20 mm ???????????????
??????????Vdc ??????????????????????? Vdc??
???????????????????????? 5.5 (b) ???????????
20 mm??????40 mm ??????????? x ??????????????
?????????????? 5.5 (c) ???????? 10 mm ??????????
?????????????????????????????????????? 
??????????????? 40 mm??????????20 mm??? 10 mm
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????? 
??????????????????? Vdc?????????????????
???????????????????????????????????????
????????????????????????????????? Vdc ????
?????????? Vac????????????????????????? Vac ?
??????????????????????????? td ???????????
?????????(1) ?????? Vac ??? (2) ????? td ????????
???????????????????????????????????????
???????????  
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(a) d = 40mm 
 
 
 
 
 
 
 
(b) d = 20mm 
 
 
 
 
 
 
 
(c) d = 10mm 
? 5.5 TED??????????????? DC????? (Vac =15.6 kVpp) 
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5.3.2 ??????????????? 
????????????? 30 mm ?????????????????????
???????????????????????????????????????
d = 20 mm??????????? td = 0.54 ~ 2.0 mm???????????????
?????td = 0.54 mm????????????????????????????
???????? 5.6 ???????????? SDBD ?????????????
??????????????????? Vac = 6 kVpp??????????????
? 11 kVpp????????????????? 5.6 (a) ?????????? 6 kVpp ?
???? Vdc = 0 ???????????????????Vdc = 15 kV ???-12 kV ?
????????????????????6 kVpp????????????????
??????????????????????? 
?????? 5.5 (a) ????????? 40 mm ????????????????
??????? 5.6 (b) ? Vac? = 11 kVpp ??????????????????Vdc = 14 
kV ???-12 kV ???????????????????????Vdc ??????
????????????????????????? 
 
 
 
 
 
 
 
 
 
(a) Vac = 6.0 kVpp 
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(b) Vac = 11.0 kVpp 
? 5.4 ???????? TED????????????????  
(td = 0.54 mm, d = 20mm) 
 
5.4?????? 
??? (TED) ???????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????SDBD ??????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????? TED ?????????????????????????? 
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? 6?  
 
?? 
 
??????????????????????????????????????
??? ?????????? 4??????????????????  
????????????????????????????????? 1 ???? 
??????????????????????????????????????
????????????????????????2??????????????
????????????????????????????? (Al2O3) ?????
?????????? (TED) ????????????????????????? 
3 ???? ?????????????????????????????????
??????????????????????????????????? ???? 
???????????????????????????????????????
??????????????? 
?????????????????? 2??? 5???????????????
????????????????? 
 
2????? 
?????NACA0015 ????????? SDBD ????????????????
??????????? 20?60 m/s ????????????????????PIV 
(Particle Image Velocimetry) ???????????????????????????
???????????????????????????????????????
??????? 
???????????????????????????????? 20 m/s?? St 
= 4???????????????????????????????? 20, 40, 
60 m/s?????? 
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????? 20 m/s ?????????????????????????????
40 m/s? 60 m/s??????????????????? 3.5?????????
?????20 m/s?????????????????????????????
? 2??????? 
  
3????? 
? ????Al2O3???????????????????????????????
????????????????????????????????? (TED) ??
?????????????????????????????????????
Al2O3-TED????????????????????????????????? 
?????????????????????Al2O3 ??????????????
???????????????? 25 kVpp/mm ?????????????????
??????????????????????????????? 700??????
?????????????????????????????????? 
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???? DC????????DC???????????????????????
??????????? DC?? (> 20 kVpp) ????????????? SDBD??
??????????????????????????? 804 %?????????
?????? DC????????TED?????????????????????
???????????????? 
????????Al2O3-TED?????????????????????????
???????????????????????????? 
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4????? 
??? (TED) ???????????????????????????????
????????????NACA0012???????? 6×105???????????
???????????????SDBD???????????? TED-SD?????
??????? 2?????????????????????? 
?????????????????????????????????TED-SD?
??????????? SDBD ??????????????????????
?????????????TED-SD????????????????????
???????????????? 
?????? AC?? 15.6 kV???? 13 kHz?????Vdc?-23 kV?+21 kV??
?????DC??? Vdc < -20 kV??????Sliding Discharge????????
?????????-20 kV???????????? SDBD??????????
?? 2 ????????????????????????????TED-SD ?
SDBD???????????????? 1.6????????  
??????? SDBD ? TED-SD ??????????????????????
???????????????TED-SD????????????? SDBD??
?????????????????????????????????????
???? SDBD????????????????? 17??? 22???????
?????TED-SD???????????? 22.5????????? 
 
5????? 
??? (TED) ???????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????????SDBD ??????????????????????????
???????????????????????????????????????
???????????????????????????????????????
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????????? TED ?????????????????????????? 
?? 
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